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> introduction to supersymmetry
> ATLAS and LHC

> final states with missing E;

= jets with lepton veto
= one and two leptons
= b-jets
= diphotons
> final states without missing E;/ R-parity violation
= colored scalars
= ey resonance

= displaced vertices

> summary and outlock
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Supersymmetry (SUSY)

One of the most popular extensions of the SM Standard particles

> SUSY postulates “superpartners” to each SM
particles (same quantum numbarg,_,ﬁ% spin differs
by %) and R-parity R =(-1)

> if R-parity is conserved, SUSY particles are pair 2
produced and the lightest one (LSP) is stable Qo @ uom @ Fosmins

> Why is SUSY popular? It answers many open iy gy

questions at once:

= allows unification of gauge couplings

= provides a solution to the hierarchy problem: the
fermion/boson contribution to the Higgs mass exactly cancel [ o

= if R-parity is conserved the LSP is stable and is a dark Swats @ Sopions @ $USY oo
matter candidate

> but the MSSM has 124 free parameters ...

=How should we search?
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Search Strategies for SUSY

> at the LHC sparticles are pair produced

= dominantly squarks and gluinos via the strong interaction

= they decay via cascades into the stable LSP (neutralino or
gravitino), assuming R-parity conservation

> common signature:

= multiple, high energetic jets and transverse missing momentum

= distinguish final states by additional particles

zero, one, two, .. leptons (e, p), two photons, ...
b-jets if 3" generation squarks are lighter than other generation squarks

> incomplete event reconstruction due to LSP

= no mass peak q
- SUSY is in the tails of the distributions ;;>' z
D ===, 4
= SM backgrounds (top, W/Z+jets, QCD) are taken /4

from/verified in control regions 1
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A Word on Models

> most experimental results are interpreted in > mSUGRA/CMSSM:
one or the other model = m,: common scalar mass

" my,: common gaugino mass

= e.g. mMSUGRA/CMSSM, GMSB, simplified models,

= A, common trilinear coupling

= tan B: ratio of Higgs vacuum

= the interpretation in a model give nice, colored expectation values
plots = sign(u): sign of SUSY Higgs potential
. _ _ o parameter
> the main experlmental resultlls the I|_m|t on ~ GMSB:
the number of signal events in the signal

= A: SUSY breaking scale

region (or the limit on the effective cross - M: messenger mass scale
SeCtion) = N: number of messenger fields
> interpretation is straight forward but not o g vaouum
trivial = sign(p): sign of SUSY Higgs potential
parameter
. Signal efﬁCienCy = Cgyqy: ratio of the gravitino mass to its

. o value at the breaking scale A
= signal uncertainties

> Simplified models:

= statistical interpretation
P = reduced particle spectrum: masses
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The Large Hadron Collider

> pp collisions at Vs = 7 TeV
(and PbPb at Vs = 2.76 TeV,
not covered in this talk)

> LHC has performed extremely well this year:
= 2.2 1033 /cm?/s peak luminosity
= ~ 80 pb-! per day
= 2.5 fb-1 delivered, thanks!

- 7 T |
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The ATLAS Detector

Muon Detectors Tile Calorimeter

Toroid Magnets  Solenoid Magnet

Inner Detector (ID,|n|<2.5, B=2T):
+Si Pixels, Si strips, TRT straws

*Precise tracking and vertexing, e/n separation
*o/pr ~ 3.8x10* p; (GeV) @ 0.015

EM calorimeter(|n|<4.9):

*Pb-LAr Accordion

«e/y trigger, identification and measurement
*G/E ~ 10%/NE

@ATLAS
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Liquid Argon Calorimeter

Length: ~46 m
Radius: ~ 12 m

SCT Tracker Pixel Detector TRT Tracker

HAD calorimetry (|n|<4.9):
«Fe/scintillator Tiles (central), o/E ~ 50%/\E @ 0.03
«Cu/W-LAr (fwd), o/E ~ 90%/NE @ 0.07

*Trigger and measurement of jets and missing E;

Muon Spectrometer (MS,|n|<2.7) :

sair-core toroids with gas-based muon chambers
*Muon trigger and measurement with p; resolution <
10% up ~ 1 TeV
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~ 41 coverage in solid angle
Excellent resolution for jets,
electrons, photons, muons
and missing E;

Excellent vertex reconstruction

Simplified Detector Transverse View
Muon Spectrometer
HadCAL
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ATLAS SUSY Searches

ATLAS SUSY analyses Publications

E s + jets + 0 lepton arXiv:1102:5290 (35 pb) [published in PLB];
ATL-CONF-2011-086 (163 pb1); preliminary (1.04 fb-1)

E.miss + multiple jets + 0 lepton V\e*?‘prenminary (1.34 fb™)

E{Miss + jets + 1 lepton arXiv:1102:2357 (35pb1) [PRL]; ATL-CONF-2011-090 (163 pb);
preliminary (1.04 fb-1)

E,™Miss + b jets + 0/1 lepton arXiv:1103:4344 (35 pb™') [PLB]; ATL-CONF-2011-098 (833 pb);
ATL-CONF-2011-130 (1.03 fb")

E{™Mss + jets + 2 leptons arXiv:1103:6214 (35 pb-1) [EPJC]; arXiv:1103:6208 (35 pb)

(OS, SS, SF subtraction) [EPJC]; ATL-CONF-2011-091 (simplified model interpretation to
SS); preliminary (1.04 fb1)

E,miss + jets + >= 3 leptons ATL-CONF-2011-039 (34 pb')

E Miss +yy arXiv:1107:0561 (36 pb); preliminary (1.04 fb1)

colored scalars $e$preliminary (34 pb)

ep resonance (RPV) arXiv:1103:5559 (35 pb!) [PRL]; ATL-CONF-2011-109 (870 pb')

Stable hadronising squarks & gluinos arXiv:1103:1984 (34 pb') [published in PLB];

Heavy long-lived charged particles arXiv:1106:4495 (37 pb™) [submitted to PLB];

Heavy medium-lived particles Qe'\spreliminary (33 pb)
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http://arxiv.org/abs/1102.5290
http://cdsweb.cern.ch/record/1356194
http://cdsweb.cern.ch/record/1356194
http://cdsweb.cern.ch/record/1356194
http://cdsweb.cern.ch/record/1356194
http://cdsweb.cern.ch/record/1356194
http://cdsweb.cern.ch/record/1356194
http://cdsweb.cern.ch/record/1356194
http://arxiv.org/abs/1102.2357
http://cdsweb.cern.ch/record/1358623
http://cdsweb.cern.ch/record/1358623
http://cdsweb.cern.ch/record/1358623
http://cdsweb.cern.ch/record/1358623
http://cdsweb.cern.ch/record/1358623
http://cdsweb.cern.ch/record/1358623
http://cdsweb.cern.ch/record/1358623
http://arxiv.org/abs/1103.4344
http://arxiv.org/abs/1103.6214
http://arxiv.org/abs/1103.6208
http://cdsweb.cern.ch/record/1360190
http://cdsweb.cern.ch/record/1360190
http://cdsweb.cern.ch/record/1360190
http://cdsweb.cern.ch/record/1360190
http://cdsweb.cern.ch/record/1360190
http://cdsweb.cern.ch/record/1360190
http://cdsweb.cern.ch/record/1360190
http://cdsweb.cern.ch/record/1338568
http://cdsweb.cern.ch/record/1338568
http://cdsweb.cern.ch/record/1338568
http://cdsweb.cern.ch/record/1338568
http://cdsweb.cern.ch/record/1338568
http://cdsweb.cern.ch/record/1338568
http://cdsweb.cern.ch/record/1338568
http://arxiv.org/abs/1107.0561
http://arxiv.org/abs/1103.5559
http://arxiv.org/abs/1103.1984
http://arxiv.org/abs/1106.4495

Final States with Missing E-
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Jets + Missing E; EPS 2011

> ATLAS:

Select events with jets and missing E; = veto events with p; of e(n) > 20(10) GeV

Define signal region based on effective mass: m_; = H; + missing E;

optimize cut on m_; and missing E; for each jet multiplicity H, = scalar
sum of all jet E,

combine 5 channels to optimize search for different topologies

%105|=r""|""|""\"D"|""|'T'\;'|;E|
g . 2011 \s=7 E
Signal Region |>2jets >3jets >4jets [Highmass| © : J‘L 1o * Daazon fs=7TeV) E
- 9] : [ QCD multijet
Emiss >130 >130  >130 >130 | = 'F | B Wets 3
. @ - Four Jet High Mass B Z+jets ]
Leading jet pr | > 130 > 130 > 130 > 130 £ 1°k  Channel 11§ and single top ]
Second jet pr >40 >40 > 40 > 80 i - SM+ SU(860.2400,10) 3
Third jet pr — > 40 > 40 > 80 107 .y ATLAS Preliminary E
Fourth jet pr E - > 40 > 80 10i— ]
Ag(et, EX)pin | > 04 > 04 > 0.4 > 0.4 s
E™SS /e >03 >025 >025 > 0.2 U3 :
e [GeV] >1000 > 1000 > 500/1000 | > 1100 o'k ]
QO 25F
SITY S— """““++ _
%% 500 1000 1500 2000 2500 _ 3000

m,, [GeV]

@ATLAS Wolfgang Ehrenfeld | SUSY Searches at ATLAS | 30.8.0211 | Page 11
EXPERIMENT



Jets + Missing E; EPS 2011

> Exclude up to~ 1 TeV for > Enormous gain since last spring:
m(squark) = m(gluino) 0.035 fb' — 1 b
Squark-gluino-neutralino model (m =0 GeV) MSUGRA/CMSSM: tanB = 10, A = 0, u>0
;‘2000 ||||||\||||\ 'II‘IIIAmLSSP I —_ . : ’ 0 ]
@ 3 3 H H ; reliminary = ATLAS Prellmlnary 0 lepton 2011 combined
Q) | {1 | 0lepton 2011 combined . & L™= 1.04 10 " {s=7 TeV —— CL, observed 95% C.L. limit
: 1750 : \\ _ Ol obsarved 95% C.L. limit I_Cl‘-ISOO ] LEP2 X = === CL, median expected limit
% ; 1\ im==s CL, median expected limit = [ ] Doggq TanB =3,u<0,2.1 6" exp. limit 68%, 99% CL
c : limit 68%. 99% CL £ [ CDF g,g, tanp=5, u<0, 2 fb’! % Reference point
< 1500 T R L ©Xp. Imit 8%, S5 BN Theoretically excluded —— 2010 data PCL 95% C.L. limit
T } —— 2010 data PCL 95% C.L. limit
= l N L™= 1.041b", {s=7 TeV ] 500
? 1250 | ‘ » -
107 TR G N Cauey =051 7

400

Ilil

750 S
| ' 300
.
500 . :
S 4. 5 . =10pb
applies to - Saa SR 200
250
0 < m, < 200 GeV ., .
O . | | | I L1 1 1 I | I | | ||
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Large Jet Multiplicity + Missing E; SUSY11

> use jets + missing E; analysis and increase number of jets: 6, 7 or 8

> QCD control region defined by lower number of jets, e.g. 7 > 6 jets

= essential to estimate QCD background from data as MC predictions are unreliable

= other background estimated from MC and validated in different data control regions

signal region defined by number of jets and MET/sqrt(H-)

g> R R IR I RIS (\S '7|T;\}) ' MSUGRA/CMSSM: tanf = 10,A =0,u>0 L™ =1.341b"
¢105 L Ldt~1.34fb Backaround Prediction < T T T [ T T T T [ T T T T [T T | T T ({ TT T T 7T T T T 7]
[0 = - g © 550 ATLAS pre“mmary obs. OLs 95% C.L imit e
o = [ ] QCD+t— qq (Template) O] - Miss ~ o T exp. CLs 95% C.L.limit
N ATLAS Preliminary = [ Multijets plus E]™ Combined . exp. CLs 68% C.L. limit |
=) 1 04 E I Alpgen tt— qlll E g500 ‘_ - exp. CLs 99% C.L. limit .
- = [ Alpgen W— (eut)v 3 S - o L e 2010 data PCL 95% C.L. limit]
2] = Bl Alpgen Z— vv . C V2 | R | LEP2} ]
3 - \ ! X1 ;
A e SUSY Point (1220,180) 3 450 |- % .
Lﬁ e - - A |:| DO g, g, tanp=3, p<0, 2.1 fb™' :
=102 Signal Region ] 400F .. e e I cDF 33, tanp=5, u<0, 2 fb " ]
S} = 5 Ed %, g (1000) T , ]
P E 3 [ L 2. P 1 - Theoretically excluded _
L F >7 jets p_ > 55 GeV ] 350 e STL et i i ‘ -
€ 10 - - v =
> E = o A s
Z C ] 300 =~ o ] '
1;-33 =3 _ H ! § (8oo) .
3 [ 7= L
= 3 250 ' % -
1 H E | L o
10 = 200f !\ E L NS
5 2E | E = v oni1(0) 2> /U e
245 E
B TE ¢ E 150
o 1:...".‘............. -4 ;
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Large Jet Multiplicity + Missing E; SUSY11

> use jets + missing E; analysis and increase number of jets: 6, 7 or 8

> QCD control region defined by lower number of jets, e.g. 7 > 6 jets

= essential to estimate QCD background from data as MC predictions are unreliable

= other background estimated from MC and validated in different data control regions

signal region defined by number of jets and MET/sqrt(H-)

Q : T T T T T I T T T I T T T ' T T T | T T T | T T T | T T T _ |nt -1
= = p e Data2011 (\s=7TeV) MSUGRA/CMSSM: tanf = 10, Ao_ 0, >0 L"=1.341b
¢105=_ Ldt~1.34fb Backaround Prediction ;' (- T 11 T T T L B TT T T[T 177
© E QCD?—tT—> (Template) $5%0¢ ATLAS Proliminary |- o S35 CL i
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EPS 2011

b-jets + Missing E.

> 3" generation is special: has to be light to stabilize the Higgs
> selection similar to jets + missing E; plus 1 or 2 b-tags

> define 4 signal regions / two control regions and combine them for the
exclusion limit

Phenomenological MSSM:

> 10° g T L 0 = Y
& ATLAS  Preliminary O-lepton,3 jets BR(geb1 bebbx 1) 100%
o ‘ >= 2 bjets
S 104 _I.L dt=0.83f " ,Ns=7TeV ® Data 2011
B === SMTotal -G + b.-b, production, b, b+§’ Ldt=0.831" Ns=7 TeV
;C_)‘ 1 03 E tvccpp’:c:zii:t;c;ln ;‘ 1000 _| T 1I I1 T 1T | T I1 T T | I1 LI I T T JI T I TTrrr I TTrTrT I LI I LI I_
> — _ - . e GL oObsefved limit -
- Eéggil:ggzgtion 8 000 - ATLAS Preliminary ... CLs expgcted “g”ﬁ 3
¢! = = T e 68% and 99% C.L. —
100 amm § 700 GeV,b 380 GeV o C 0leoton. 3 et CL, e?(gected limits .
£ E 'epton, 3 Jets ATLAS (35 pb") -
800 - b-jet analyses . s
10 F ~ A 7
C m(i?) =60 GeV, mﬁ1v2)>>m(g) 600/600 Gev 7
700 -
1 C I:l CDF bb, 2.65 fb \ /72 0/600:GeV
600 — . —
10 e C - Dobb, 521 \ ]
= E - . ] de@“ ........... : 3
- A T 500__DCDFg§ﬁbb25fb" Y : : —
(@) ' ’ ' HE - 4 3
S 25F = 200 F- ﬁg;y.‘i - E
~ 2 - - P d . .
% 15 - + + + é - . F\e‘f:erence int ]
° 1E o ¢ - P 300 — 3
0.5E + E - , ; N
00_ 160 260 360 460 ?60 660_ 200 C PRI T T T T T N T T [T O [ T T [ T T S I T O 0
miss 100 200 300 400 500 600 700 800 900 1000
ET* [GeV] my [GeV]
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One Lepton + Jets + Missing E; SUSY11

Events / 10 GeV

/ SM

Data

cascades including charginos or neutralinos can lead to final states with
one, two, three or more isolated leptons

advantage: suppress QCD background, help in trigger

analysis requires exactly 1 lepton (e: pr > 25 GeV or u: p; > 20 GeV)
and = 3/4 jets - four signal regions
107 L L S B L BN B
. ATLAS Preliminary ;gtaatﬁdzaoryw(q\;z;?TeV) < Background
10 o1 4 O m“'.tgegs (data estimate) %
0° Jus 1;“:’ . Et%‘i*jéé :  «fake leptons from QCD background
107 S 4o =>fully data driven estimate with “loose-tight
o RS & matrix method”

* non QCD background dominated by top
pairs and W+jets
-»semi-data driven estimate

10" , ! , « normalize MC to data in background specific CR
D=l <I'—_ . . .
-------------------------------------------- H“J[  extrapolate to the signal region relying on MC shapes
1 "'"“M“m+++}+H AL, + final background estimate done performing a
0 00 20 : 300 200 oo simultaneous likelihood fit of the different CR
m, [GeV]

EXPERIMENT

' ¢ . L= =
mry = \/2 . - Brss (1 — cos(Ag(f, Enpss
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One Lepton + Jets + Missing E; SUSY11

% E anaspeimnay _I:S)ttdzo:; &:fm R

> observed number of events in data R SRR S 1

consistent with SM £ .

102 3J Loose Signal Region before M, cut S
> uncertainties dominated by jet energy o
scale and resolution, theory and MC 1

modeling and statistics

s 2 ' T ]

> interpretation in: R T i e e— ;

u mSUGRA/CMSSM 500 MSUGRA/CMSSM: tanf = 10, A = 0, u>0 e
(mOsm1/2)'p|ane E g A';'LAS | Li"'=1.04ﬂ|)", \c's=7Tev| _Obslerved CLg esl% cL g

. . l_‘é‘ 450 _—Preliminary 1 lepton, combination ———. Expected CL ]

n = — S i
Slmpllﬂed mOdeI . 400 :_ \\‘\-\a(gooeew .......... Expected CL 1o -
gluino - chargino - neutralino E e sewam —— ]

. . IR N T e - X, ]

squark - chargino - neutralino 350 fzocooooae e, - oo
Eﬁ_\@ﬂﬁg;\-ﬂ-wﬁ:, S L | | p0§.g tan=3,u<0,2.1 b -

* bilinear R-parity violation model ~ *®F =" N I o075 s 0 267
] T -

For bilinear RPV see talk by , E'™ >~ o NN o3
Emma Pastor [9B Thul] . e R

T . . § (400 GeV) —_

200 400 600 800 1000 1200 1400
m, [GeV]

@ATLAS Wolfgang Ehrenfeld | SUSY Searches at ATLAS | 30.8.0211 | Page 17
EXPERIMENT



One Lepton + Jets + Missing E; SUSY11

Simplified model: Simplified model:

gluino - chargino - neutralino squark - chargino - neutralino
; 800 L T T I T T T T I T T T T I T T T T I T T T T l T T T .‘..IA_.-_ E ;‘ 800 L T T I T T T T I T T T T l T T T T | T T T T I T T T .‘-!‘._- B‘
3 [ "SwpDecanx=34 ATLAS Preliminary .-~ 7 = 8 - SwepDecanx=34  ATLAS Preliminary .-~ =
o 700 §3-qqqaWWI7, O "o 700  &-qqWwii @}
] _ o o < — 2 .o
= = Combination 10 % = = Combination - 10 %
B00[—  "_1.04 " Ns=7 TeV % B00— " _1.04 " \s=7 TeV %
- . 9 - . °
500/— — Observed 95% CL 3 500— — Observed 95% CL 2
[ --- Expected 10 % [~ --- Expected 10 T:I.)
400~ " Expected t‘ks ] 400 Expected t‘lo 5
= c = c
- S - S
- 3 - 3
300 2 300 2
7 o 200" :
200f ° — o
: O e G

100E<" 100
107 10
300 400 500 600 700 800 300 400 500 600 700 800
rrIgluino [GEV] msquark [GeV]
x=(m-—m-)/(m.,.—m-)
X* x° q/g X°

@ATLAS Wolfgang Ehrenfeld | SUSY Searches at ATLAS | 30.8.0211 | Page 18
EXPERIMENT



One Lepton + Jets + Missing E; SUSY11

Simplified model: Simplified model:

gluino - chargino - neutralino squark - chargino - neutralino
; 800 L T T I T T T T I T T T T I T T T T I T T T T l T .‘._n E ;‘ 800 L T T I T T T T I T T T T l T T T T | T T T T I T .‘.“. B!
3 - "SepDecanx=12 . ATLAS Preliminary . = 8 - "SwepDecarx=12 - ATLAS Preliminary .-~ =
o 700 §3-qqqaWWI7, O "o 700  &-qqWwii @}
] _ o o < — 2 .o
= = Combination 10 % = = Combination ’_l: 10 %
B00[—  "_1.04 " Ns=7 TeV % B00— " _1.04 " \s=7 TeV %
- , 3 - . ; 3
500/— — Observed 95% CL 3 500— — Observed 95% CL 2
[ --- Expected 10 % [~ --- Expected . 10 T:I.)
400~ " Expected t‘ks ] 400 Expected t‘lo 5
- [ c
- 9 kS
C -'8' ..8.
300 2 300 g
- 8 3
200(; S 200 &}
100" 100
L 10" 10
0 300 400 500 600 700 800 300 400 500 600 700 800
rrIgluino [GEV] msquark [GeV]
x=(m-—m-)/(m.,.—m-)
X* x° q/g X
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One Lepton + Jets + Missing E; SUSY11

Simplified model: Simplified model:

gluino - chargino - neutralino squark - chargino - neutralino
; 800 i T T I T T T T I T T T T I T T T T I T 'l |‘ T I T --.‘._n- E ;‘ 800 |: T T I T T T T | T T T T I T T T T | T '| |' T I T -.--"u. 3
8 - 1—Step Decay, x=1/4 ATLAS Prellml nary _I& 8 - 1»Step Decay, x=1/4 ATLAS Prellmlnary j.-
o 700 §3-qqqaWWI7, O "o 700 &-qaWWig O
4 - N 4 - 2 0
= = Combination 10 % = - Combination 10 ﬁ\)
600 — L"_1.041b"\s=7 TeV % 600 — "_1.041b"Ns=7 TeV %
- ; 3 - . 3
500/— — Observed 95% CL 3 500 — — Observed 95% CL 3
[ --- Expected _ 10 % [  --- Expected 10 %
400 Expected t‘ks ] 400 Expected tks X
n c - c
~ .2 - .2
- 0 C 5
300— ] 300— b
- s g ;
200~ = 5 200 &

100= 100

107 107"

300 400 500 600 700 800 300 400 500 600 700 800
Myiuino [GeV] Mgquark [GGV]

x=(m£*_m£“)i(mﬁfg X
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One Lepton + b-jets + Missing E; LP2011

> 31 generation is special: has to be light to stabilize the Higgs
> selection similar to one lepton + 4 jets + missing E; plus 1 b-tags

> signal region defined by missing E; > 80 GeV, m> 100 GeV and
m s > 600 GeV

Phenomenological MSSM:
BR(g>t,t>tby*,) = 100%

~ 1gr—T———T— 7T T §—§+;—?production,§ﬁt~1+t,'t:ﬁbﬁ:! ILdt=1.03fb'1,\"s=7TeV
8 — ATLAS Preliminary 1-muon, 4 jets, 1 b-jet = ;‘ 600 0 O O O I
- § ® dm . D C ——— CL_ observed limit .
2 B ILdt= 103" Ns =7 TeV Mot 1 ¢ s50  ATLAS Preliminary ... GL, expected limit =
-~ D1 ] eD production = C T Expected CL_limit+1c
£ 100 RS £ o o o & oo b lepton dets —— Observed ATLAS (35 pb) J
g E - W production E 500 :_ =1 b-tag, m >600Qev EXPSCTEd ATLAS (35 pb1) _:
L — I Z production _ 450 E eff - ]
— diboson production — —_ B -
E m; =500 GeV, m =210 GeV _| - m(fo) =60 GeV , m(it) ~2 m(ﬁu) - X .
rvessens My = 550 G, m;:=SOGeV E 400 - N' . ! ! /”,'N\._,sh‘ =
- = m(q,,)>>m(g) o \ -
J = ’ ST ! =
. . 350 |- SO : —
. B W ; -
P = - - —] = PRI -
E...i th .i E 300 — .ag{,‘: “““““ "I =
L 3 c L ,, =
0 gy ] 250 £ ; =
S )~ i X E E """"" B " E
a i ] 200 — & Reference pgint Pt =
® E Foo 3 " 3
= 150 i =
- E FEE RS B U R I BRI | Sl B by by by by
250 300 350 400 300 350 400 450 500 550 600 650 700 750G \e;oo
m; [GeV] m§[ eV]
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Two Lepton + Jets + Missing E; LP2011

> 2 leptons from chargino/neutralino decays a) Xy = Jiffﬁ
. . ety 14,50
> 3 analyses, searching for dilepton events: b) Xi7 = Fvx,
0 £]F30
= opposite sign (OS) - a),b),c),d) C) X; = 7 X;
~+ 1Tt
= same sign (SS) > a),b) d) Xi — X;
= with flavour subtraction (FS) - c),d) ee: pr > 25/20 GeV
. . : eu: pr > 25/10 GeV
> selection: exactly 2 isolated leptons with ue: pr > 20/20 GeV and M, > 12 GeV
3l e o wmr | T u: pr > 20/10 GeV
= B Z+jets pms 2
g 1o _ =T : :
z o ATLAS Preliminary = ioosan g OppOSIte Slgn:
o * three signal region >E™ss/ jets
102 * main background =>»top pairs, Z+jets
10
1 Same sign:
5 o al « two signal region »E;™ss/ jets
s 2 e “‘“,‘ T% S R N N « main background =>fake leptons
© 1 LTS en curin g H . . . .
® o505 a0 ‘:at 300 380400450500 from jets,.opposne sign leptons with
ET(Gev] charge mismeasurement
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Two Lepton + Jets + Missing E; LP2011

> No excess above the SM predictions seen in different signal regions

> 95% C.L. upper limits on
cross section of non-SM processes x acceptance x efficiency:

Background Obs. | 95% C.L.

OSSRI [ 155 £12+44[ 13 | 95M
OS-SR2 | 13.0 £ 1.8 £4.1 | 17 | 1521b
OSSR3 | 57+11+35 | 2 | 50
SSSRI [ 326 £ 44 £4.4 | 25 | 102100  _ gp MSUSTACHSSHiah=3,A-0,100

- T T | T T T | I T T | T T T T I T T T T | T T T T -
SS-SR2 | 249 £4.1+£6.6 | 28 20.3 tb 3 200 E-ATLAS  (™-35pb' \s=7Tev ~ — Observed limit 95% CL SS_J
Eg 280 2-lepton analysis (OSandSS) 777 Median expected limit S 3
. —_— = Observed limit 95% CL OS—]
> 201 O reSUIt' 260 o \éﬁ:ﬁ“&i‘—-ﬁ\ﬁ_‘(ﬁ‘w(ﬁew ----- Median expected limit OS -
. . . & T - ~ ]
= OS cross section limit (MET > 150GeV) 240 & T T Sewcen [ tgi% -—=
ee: 90 fb, ew: 220 fb, puu: 210 b 220} - 007, 7 =
200 —;l::\_\\;__ ] D09,~q,~p<o, 211" ) \E
= SS cross section limit (MET > 100 GeV)' el ‘-\5\'{9"" an=s 210 —3
70 fb 160 \Eisooce\r) _E
140 ~3
For flavour subtraction see 120
talk by Sky French [QB ThU] 100 100 150 200 250 300 350 400
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Diphoton + Missing E; SUSY11

> Gauge Mediated SUSY Breaking (GMSB)

= the very light gravitino is the LSP
= event topology defined by next to lightest sparticle (NLSP)

= large parameter space has neutralino NLSP: neutralino decays to photon and
gravitino

> final state: diphoton (+ jets) + MET

> result:

> TTrT I TT T T | TTrTIT I TT T 7T I TTTT | L I UL | TTTT I TTTT

0] 4 e =

10% & —— Data 2011 s =7 TeV)

.. * 3 I Woev+jets, W—oev+y, ttsev+X ]
= missing E; > 125 GeV g 10 Z—vvyy, Woslvayy E
% , GGM m_/m_=800/400 GeV ]
= QCD and EW background estimated 10 SPSaA=140TeV E
from control regions, irreducible 10 , S ]
backaround from MC , ATLAS Preliminary '[Ldt=1.07fb 3
ackgrou © ] T | E_

= observed events: 5

= expected events: 4.1 0.6 1.6 M [GeV]
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Diphoton + Missing E;: Interpretation SUSY11

> General Gauge Mediation (GGM) > minimal GMSB / SPS8 slope

= simplified model with three sparticles: = full mass spectrum
Gluino for production = first time considered at the LHC

Bino-like neutralino as NLSP
_ = A <145 TeV excluded
= m(gluino) < 776 GeV

for m(neutralino) = 50 GeV SPS8: M,,...=2A, N=1, tanB=15, cty sp<0.1mm

E 1 04 E T T T I T T T l T T T ‘ T T T I T T I T T T | 1 T T E
= E e Expected CLs limit 3
GGM: bino-like neutralino, tanp = 2, cty gp < 0.1 mm o i —— Observed ClLg limit ]
= 120077 71— 1 T 1 3 10° -i‘;ﬁ
Q e imi 3 £ + 20 E
O, 1100 ATLAS Expected Cls L|.m|.t — F —— SPS8 NLO cross-sectiort
e - = ATLAS Observed CL s Limit 3 B
£ 1000 M t1o - 2_ J.Ldt=1.07fb'1, Ns=7TeV
- ATLAS Observed CLs Limit (36 pb™) E 10 E
900 — - ]
800 B 1ok i
S § . E
200 2010 — 2011 Jtdt=10716" 3 - ATLAS Preliminary :
E vg = 7 TeV E : 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 -
il ] 150 200 250
600 /"_/_’—/— - 1 | | | | m,, [GeV]
B 7 - L 1111 I 1111 1111 1111 L1l [k BN Ll -
5001~ L g NLSP = T 250 300 350 400 450 500 550 7
- ATLAS Preliminary : - i m,. [GeV]
400 I S S S ) [ S Al o b by b by |1 i B
00 400 o0 0 1000 200 1080 100 120 140 160 180 200 220
m.. e
yi

A [TeV]
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Diphoton + Missing E;: Interpretation SUSY11

> General Gauge Mediation (GGM) > Universal Extra Dimension (UED)

= simplified model with three sparticles: = mass spectrum similar to SUSY

Gluino for production = 1/R < 1224 GeV excluded
Bino-like neutralino as NLSP

3UED: N=6 M,=5TeV,AR =20

N |_|1 O ] | LI ‘ T T T T | T T 71 | T T 1 | T T T 71 I LI
" < 2 - .
m(gluino) 776 GeV = £ . Expected CL_Limit ]
for m(neutralino) = 50 GeV o — Observed CL, Limit -
- -t io 1
- © + 20 7
GGM: bino-like neutralino, tanp = 2, cty gp < 0.1 mm 5 — UED LO cross section
> 120771717 71 3 10°F ) E
8 1100 SEETIE ATLAS Expected CLs Limit - B J.Ldt =1.07fb \Ns=7TeV E
o C = ATLAS Observed CL s Limit = ]
& 1000 — B tio = ]
- —— ATLAS Observed CL s Limit (36 pb™) 3 ]
900F =
- B 10 =
800 = - ]
- - B . 7
200 2010 — 2011 Jtet=t1o07i6" 2 - ATLAS Preliminary 1
- \s=7TeV ] i ]
600g;/f——-—"—"_"""__ 3 l
: ~ : 11 | |11 1 ‘ | | | 11 1 1 | | I | | 11 | I 11
S00E ATLAS Preliminary gNLSP = 1"7000 1100 1200 1300 1400 1500
400: T T ] 1/R [GeV]

200 400 600 800 7000 1200 _
m; [GeV] Search generic enough

for different models!
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Other SUSY searches
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Massive Colored Scalars in Four Jets SUSY11

> pair production of scalar gluons (sgluon) which decay into two jets each
(extended SUSY) or hypercolor as SM extension

> selection:

= 4 jets (py > 0.55 x sgluon mass), sgluon mass > 100 GeV
= low threshold trigger for four jets only available in 2010
= pair jets into sgluon candidates based on AR ~ 1, reject events with AR;; > 1.6

= require similar masses
35

= A L A S B AR ] a T T T T T T T T T ]
3 - ATLAS Preliminary 4 damRegona ] | ATLAS Preliminary . Observed ]
© 304 jets p > 104 GeV 3 o p
~ s T } BCD results ] v 10* i +t10 _
w 25 _—J. L dt =34 pb —— BCDresults Fit o - tZ2a E
K] - . - - — Scalar-gluon ]
"E 20 C ———— sgluon; Region A;m=190 GeV ]| E : - Hyperpion :
1] — ]
— = = = sgluon; Region B; m=190 GeV ] - B 7
n 7 O
— ] <=
15 : ] §0 10° 3 E
101 ) = - i
st 4 !“lh + = . -
0: 2 i — e - (1] .ai‘h-'--!ﬂr- 102 __| 1 1 1 | 1 Il 1 | 1 1 1 | 1 1 1 | 1 1 ‘I"‘l__
100 150 200 250 300 350 100 120 140 160 180 200
(M1+M2)/2 [GeV] Mass [GeV]
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e.iesonances (and RPV search) EPS 2011

> search for electron and muon of opposite charge
(R-parity violating decay of v.2>ep)

= isolated electron (p; > 25 GeV) + isolated muon (p; > 25 GeV)

= no missing E; cut

= background from top pairs, single top, WW, WZ, ZZ, Z->tt rely on Monte Carlo, QCD
and W/Z+ jets estimated from data with “loose-tight matrix method”

= no deviation from SM in m,,, distribution

"""""""""""""""""""""""""""""""" T T T T T 17T L L T 1T 11 T 1 17T LB LB L
E ATLASPreliminary @ Data2011 [l Instrumental i' ) ATLAé Preli‘minar‘y ' Theory'x- Coto ‘A oos ]
[a _ —— Total Bkg. WW/WZ a ; an = U0 R TR0
o 10 7 Is=7TeV 1 Top e 7.(650 GeV) = 10 \s=7TeV == ;*:-e: :L; i°l-°1v Rae=001_|
E I Ldt=0.87fb Il Z/y -1t — - Z'(700 GeV) = E - =
5 —_—— ~ -1 ====-=- Expected Limit .
% 102 F — i : Ldt = 087 fb |:| Expected Limit 1 ¢ :
Lﬁ .- 3 3 - Expected Limit 2 ]
H c 10 ESNN —— « ATLAS 2010 limit 3
10 a4 gl JRTY (8] = 3
X e S .
1 9 : © 102E » —=
: - - g11

10" o T ]
X o ST _
s Z.g o N S e =
w E C =
& 15 o - ]
& 18 U0 G okl GEREIIEERREEREE R R E - .

D 05 + + _g 1 | 11 1 1 ‘ L1 1 1 ‘ 11 1 1 | 11 1 1 ‘ L1 1 1 ‘ 111 | 11 1 1 | 11 1 L1 1 1 |

00700 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000

My, [GeV] m, [GeV]
Can also interpreted as heavy boson - ep
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RP-Violation SUSY: Displaced Vertices EPS 2011

> look for heavy medium-lived particles in
the inner tracker

> reconstruct vertices even far out of the
beam-pipe, in association with a high-p
muon (pr > 45 GeV)

> requires good understanding of tracking,
detector passive material

g
E T T | L I L | T T 7T ' L I LI ' T T T | LI I T 17T I_.I ATLAS
£ 10° * data 2010 —= L preliminary
~ [JacbMc  ATLAS S o
2 W,z MC preliminary - < J.Ldt =33 pb”
£ 107 [Jttbar MC J.Ldt =33 pb = 5
g f @
+lk o
[72]
104 et
- O | e 700GeV§, 494 GeV zf
__ 10" —— 700 GeV g, 108 GeV ¥,
1 - ~
- —— 1.5TeV §, 494 GeV 7,
102k — 150 GeV g, 108 GeV z‘:
10_1 ;I | 1 \IIIIII 1 1 IIIIHl 1 1 \I\IIIE
0 20 40 60 80 100 120 140 160 180 10 102 10°
Vertex ry,, [mm] ct [mm]
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RP-Violation SUSY: Displaced Vertices EPS 2011

- ’

ATLAS

preliminary

> look for heavy medium-lived particles in
the inner tracker

> reconstruct vertices even far out of the
beam-pipe, in association with a high-p
muon (pr > 45 GeV)

Run 165821
Event 1605517

Pixel modules

> requires good understanding of tracking,
detector passive material

o)
L, 0
E T T | L I L | T T 7T ' L I LI ' T T T | LI I T 17T . 10 E
£ 10° * data 2010 = L F preliminary
~ F [Jacbmc  ATLAS 1 ° )
% - - W.Z MC preliminary ] S 10 s ILdt =33 pb™” 2 z
£ 10°F [ ttbar MC J.Ldt=33pb'1_; £ NS e
g - ] a I
- * " — (.If)
i i o 1 3 \\
10Em = o c L
O | e 700GeV§, 494 GeV zf
__ 10" —— 700 GeV g, 108 GeV ¥, E
1 - ~ 1
- —=— 15TeV q, 494 GeV z:‘
102k — 150Geva,1086evz‘1’ |
10_1 ;I | 1 \IIIIII 1 1 IIIIHl 1 1 \I\IIIE
0 60 80 100 120 140 160 180 10 102 10°
Vertex ry,, [mm] ct [mm]
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Summary of ATLAS SUSY Searches

ATLAS Searches” - 95% CL Lower Limits (Status: SUSY 2011)

T L) I LI I T T T

................ MSUGRA":MSSH D_IEP+ J.5+ Erm N ATLAS
MSUGRA/CMSSM : 1-lep +'s + E .. 5=F mass Frefminary
MSUGRAICMSSM : multijets + E; .. Smass (for m(g) = 2mi(gl) JLdt = (0.034 - 1.34) ™
Simpl. mod. (light i:} (0lep + 'S + Ep e 5=F mass Ns=7Tev

Simpl. mod. (light i:]l c0-ep +'s + Eq ey gmass

Simpl. mod. (light f.:]' c0ep +'s + Eq ey O mass

Simpl. mod. (light %) : 0-lep + b-jets + 's + E; . 3 mass {for mib) < 800 GeV)

- ;= =0 . . ~
Simpl. mod. (g—tF7,) : 1-dep + bjets + 's + E; § mass (for m(,) < 80 GeV)

- - ] -
; Pheno-MSSM (light 13_1] :2-lep 55 4 Eq e gmass
= "
“w Phenc-MSSM {light x,1]| 1 2-lep Dle + Eqpies § mass
o
Simpl. mod. (g— qGF) - 1-lep +j's + E, 0 7" mass (for mig) < 600 Ge\f,ml = 112)
_ mi@) -mig")
GMSE (GGM) + Simpl. model - yy + Erm 5 mass (for mibino) > 50 GeV)
GMSE : stable 7
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Stable massive particles : R-hadrons
Hypercolour scalar gluons - 4 jets, my = m,, sgluon mass (excl: my < 100 GeV, myg= 140+ 3 GeV)
RPV {4,,,=0.01, 4,,.,=0.01) : high-mass ep 7, mass
Ll 1 Lol 1 ol 1 Ll
107 1 10
"Only 3 selection of the available resuits leading fo mass imis shown Mass scale [TE"M"]

@ATLAS Wolfgang Ehrenfeld | SUSY Searches at ATLAS | 30.8.0211 | Page 32

EXPERIMENT

ket



Conclusion and Outlook

> ATLAS has produced an impressive number of papers/conference
notes using the 2010 and 2011 data

> in the channels searched so far, no significant excess above the
Standard Model was found

> SUSY was not “just around the corner”
> several limits have surpassed those from Tevatron/LEP
> besides MSUGRA/CMSSM also simplified models considered

> more data still to come in 2011 (already around 2.5 fb-! on tape)
and then there is 2012
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Related Presentations at SUSY11

> Michael Flowerdew [5C Tue]: Search for supersymmetry in final states with jets
and missing transverse energy with the ATLAS detector

> Takashi Yamanaka [6D Tue]: Search for supersymmetry in final states with b-
jets and missing transverse energy with the ATLAS detector

> Sophio Pataraia [8D Thu]: Search for supersymmetry in final states with one
lepton, jets and missing transverse energy with the ATLAS detector

> Sky French [9B Thu]: Search for supersymmetry in final states with multiple
leptons and missing transverse energy with the ATLAS detector

> Jovan Mitrevski [5C Tue]: Search for supersymmetry in final states with photons
and missing transverse energy with the ATLAS detector

> Emma Torro Pastor [9B Thu]: Search for R-partity violating supersymmetry with
the ATLAS detector

> Josh Cogan [8D Thu]: Search for supersymmetry in final states with
measurable lifetime with the ATLAS detector

> Junjie Zhu [6D Tue]: Search for supersymmetry via resonant final states with
the ATLAS detector
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Backup
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Two Lepton + Jets + Missing ET: Flavour Subtraction Lp2011

> searches for excess of same flavour-opposite sign lepton pairs over
different flavour-opposite sign:

where B IS the ratio S_ﬂ(l_(l_z-e)z) _(1—(1—16)(1—1#)) (1-(1- ﬂ)z)
of e,u efficienciesxacceptance and 7.,z are trigger efficiencies

> define the variable: N(ete™ N NG

> three signal region based on missing E;, number of jets and m; veto
= SR1: SR2: SR3:

E izg ATLASPreliminary  _ E')alla :20'11‘¢\lsl7lT;\,:) ;FI E

> apart from Z/y* sources no excess S 200 S oo 3
. " "5 180 % SM Background DF i

IS eXpeCted IN SM D 160 EFakelemons(SF) =
140 Z+jets (SF) E

. [ orell-Yan (sF) 4

> SF-OF subtraction allows to cancel N = E
1 H H o2 X Diboson (SF) -

systematic uncertainties 80 - P R =

| Sone | 3 TRMS ks .[Ldt~ 1.04 fo" _i

FS-SR1 | 131.6+0.6(sys) | 126.5+23.5+17.2 | 49.9

FS-SR2 142.24+0.6(sys) 70.0£23.2+16.8 | 49.1 u
FS-SR3 | -3.140.0(03)(sys) 0.4+1.241.2 4.6 Q
g
a
M, [GeV]
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Search for Slow Particles

> Slow, Massive and Long Lived Particles (SMP, LLP) are predicted in
several SUSY models (and in other BSM scenarios)

= stable = ct = size of detector (lifetimes ranging across many orders of magnitude!).

= Produced with b<1 (signature is a slow object loosing energy mainly by ionization),

> In SUSY, an example are coloured sparticles hadronising into R-
hadrons (bound hadronic states of a coloured sparticle, squark or
gluino, and light quarks or gluons)

> 2 analyses in ATLAS to study slow particles:

1) search for R-hadrons or long-lived 2) search for charged or neutral R-
sleptons reaching Muon hadrons, relying only on ID and Tile
Spectrometer (MS) Calorimeter

« Sleptons search uses ID+MS, R- » Search uses: long time of flight in Tile
hadrons search only MS, in both and large dE/dx in Pixel detector = in
determine Bys and m= p/By both determine 3 and m= p/By

« Background estimate = exploit the « Background estimate = exploit the lack
lack of correlations between p,,s and of correlations between dE/dx, By, and
momentum momentum
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Search for Slow Particles
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o
o

N
N
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~
Q A

R-hadron exclusion
CLs 95% C.L. limit

95% CL Exclusion from search 2):
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s=7TeV det=34pb'1

—_
o
@

Gluino masses <562-586 GeV (dep. on the model of
E== Prediction § (NLO) hadronic scattering in matter)
== Prediction § (NLO)
—— Upper limit b
—— Upper limit §

—— Upper limit

Cross-section [pb]

—_
o
N

Stop masses <309GeV

IIIII|,|_|,| IIII|_|_|,|,| IIIII|,|_|,| Illlluil

Sbottom masses <294 GeV (first dedicated
search for sbottom R-hadrons at hadron

colliders)
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